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ABSTRACT
The Mars Hnvi ronment-al Survey

Mission (MRSUR.) is a 1 ow cost,
near term rnj ssi on to study:
chemi cal compcsi t.i on of the
marti an surfac:e; structure and
ci rcula Lj on of the rnartian
atmosphere; and structure and
dynamj cs of Lhe nlar~ian i n~eri or.
To meet Lhe science objec~ives c)f
Lhe mi ssi on, Z1 network of 1 6
1 anders wi 11 be placed at varj ous
1 atj tiudes and 1 ongi t-udes on Mars.
These 16 Net-work 1 anders wi 11 be
preceded by an engjneeri 119
Pathfinder mi ssion whi ch wi 11
demonstrate entry, descent and
1 andi 119 as we]. ] as some of t,he
en(gj neerj ng subsystems . ~’his
paper djscusses mi ssi on concept, ,
spacecraft- syst, em dcsi gn, power
system requi rements, and the
sol ar array power system for
Pathfinder.

THE MESUR MI S!310NS
!J’he sLudy of t,hc surface of

Mars in 39’77-:1979 by the two
Vikj ng 1 anders provided a 1 ot of
in format, i on aloou~ Mars but al so
raj sed many questj ons. 7’0 sLart.
answerj ng the:se ques~~ ons,
sci ent-i f i c measurement-s Lhat, can
be achieved from c)rbi t, wj I 1 be
made by the Mars Observer mi ssi c)n
whi ch 1 aunched in September 1992.
The next step requj res reLurning
t.cl the surface t-o acqui re data
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from many di fferent- si t,es
simu] t,aneous] y. MESUR NeL work
wi 11 place up LO I 6 landers aL
varj ous si t,es whi ch all ows
scj ence investigations of
g] obal 1 y di st-ri buLed phenomena
such as sei smi c acLjvj t,y and
weather. MW’UR Network data
communi cat-j on needs wi 11 be
enhanced by use of a Mars
orbi ter.

and

Some of t,he Network 1 anders may
carry and rel ease a Mi crorover.
‘l’he Mi crorover WOUI d enabl e hi gh
resolution scientific s~udies
such as jmagj ng and spectroscopy
at geol ogi cal 1 y interesting  si t,es
out-side of the lander’s reach or
‘cent-ami nat-i on zone.

‘J’he other sj c]ni f i cant. at~rjbute
of t-he MESUR m; ssi ons is t-he
1 j mi t t,hat. has been p] aced on Lhe
overal 1 and annual costs. MUSUK
1’at_hfinder must be designed and
buj 1 t, for no more Lhan 150
rni 11 i on do] lars . ‘l’he ent,j re
network of 1 anders has t.o be
cievel oped and buj 1 t- for one
bi 11 i on do] 1 ars at no more Lhan
150 mi 11 i on do] lam per year.
l’his js jn contrast- LO Lhe Viking
prc)gran LhaL cost 3.5 bi 11 i on in
today’ s do] lars . The 1 i mi L i n
COSL has consequences for al 1 of
the subsystems and may determine
the t.echnol ogy opt, i ons.
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~’he Pathfinder mission t-ha~
precedes the Network mjssion 5s
desjgned ho demonstrat-e the
entry, descent,, landjng, and some
of the engjncerjng subsystems.
]n the case of the power system,
the Pathfinder will demonst,rat,e
t-he performance of solar arrays
jn t.,he mart.jan Lherma] and
at-mospherjc  environment. as well
as operat-jon of the varjc]us power
elect-ronjcs components.

MISSION OVERVIEW AND SPACECRAFT
DESIGN

MHSUR Pathfinder musL be
launched in 1996 in order to
prc)vjde engineering data for the
16 Network landers. Pathfinder
wjl.1 use a new landing meLhod
jnst,ead of a fully contrc)l]ed
landing LO reduce cost and
complexity. c~~her new, low cost.
syst,ems will be used jn the power
system and in thermal conLrol .
Successful demonstration of Lhese
new systems js the most jmportant
goal of the Pathfinder lander.
The Pathf jnder lander wi 11 al so
carry t,he f j rst Mj crorover. ‘l’he
Mj crorover wj 11 carry aL 1 east
one scj ence experiment, whj ch wj 11
be used durj ng the one week LO
Lhfllrt.y day Pathf j rider mi ssj on.

The Ml+SUR Network mj ssj on wj 11
global. )y distribute j~s se~ of
1 anders over a peri od of years
through a series of 1 aunch
opportunj t.j es thereby rnj nj mj 7,5 ng
t-he annual resource requj remen~s.
l’he 1 anders WjL] ] be made as
sjmj 1 ar as possjbl e t,o reduce
COSL . The mj ssj on scenarj o js to
bu:i 1 d up the global network over
t.h:ree 1 aunch opportunj Lj es usj ng
f j ve Del t-a c1 ass expendabl e
1 aunch vehj cl es (liIJVs) . Four of
the HIIVS wj 11 1 aunch 16 probes
while Lhe remainjng H1, V wjl 1
1 aunch a communi ca~j on orbj Ler.
l’he f i rst 1 aunch wi 11 occur in
1999 and wj 11 send four 1 anders.

Af Lcr a 32 month journey Lhese
1 anders wjl 1 have LO majn~ain a
dj recL conununi catj on 1 jnk to t,he
Hart.h untj I 2002 when Lwo
launches wi 11 have de] jvered
another four 1 anders and the
ccxnmuni caLi on orbi t,er. 7’he
reason for delaying t_he
ccxnmuni cat-i on orbj ter js to keep
Lhe spending profile flat. ~’he
f i nal eight 1 anders wj 11 arrive
Lwo years later. ~’he network
wj ) 1 be designed Lo operate for
one mart ian year aft-er the ]as~
1 anders arrive or unLj 1 2006.

~’he 1 anders are parL of a probe
which consi sts of a bioshield,
cruise s~age, aeroshel 1,
parachu~e, and 1 ander. Short] y
after launch, t-he bi oshields are
opened and Lhe crui se stages are
released. Fj gure 3 shows t,he
crui se conf igurat, i on of
Pat,hf jnder. ~’he space craf~ are
spin stabi 1 i zed during crui se and
ini tial enLry and are three axis
st-abj 1 i zed during the f jna]
descent . The 1 anders are
separat, cd from Lhe crui se stage
just pri or Lo Mars atmosphere. c
ent, ry. ~’he 1 ander and aeroshel 1
ent-er the atmosphere rotat, i ng.
The aeroshel 1 heat, shield wj 11
t-hen be jeLt-j scmecl and thrusters
f i red t-o despjn the 1 ander.

As merit. i oned earl i er, Lhe
engineering objective of the
Pat.hf j rider is LO demonstrate t-he
cruise, entry, descent-, and
) andj ng sys Lems t,hat, wj 11 be used
by Network. PaLhf inder wi 11 al so
prcwj de i nheri t.ante for f) j gh~,
mjssi on, and operatj onal systems.
l’he Pathf i rider spacecraf L
aeroshel 1 wi 11 be ori ented for a
20 degree ent, ry ang] e and an
abl ative heat shj e] d prc)tcct-s Lhe
1 ander from Lhe aerodynarnj  c
heat, jng. A parachute js depl eyed
at about 11. km a] Lj tudc LCJ reduce
descent vel oci ty. At about- 8 km
al t,itude t-he heat shj eld i s



released and aL about 3 km t,he
1 ander is released on a 100 m
tether t-o reduce Lhe possibility
of the parachute covering t-he
lander after landing. At abouL 2
km above t-he 9rOUnd the ajr bags
are deployed around Lhe lander.
‘1’he air bags are on all four
fac:es of the tetrahedral shaped
land?r and will absorb the
landlng loads in all djrect,ions
ancl attit.,udes. The parachuLe is
released right. after lander
t-ouchdown and the lander is
al lowed t-o come to rest. At t.his
time t,he ai r bags are de fla Led
and t-he petals of the 1 ander are
dcpl eyed - ri ghtj ng Lhe 3 ander.
The Pathfinder wi 11 co] 1 ect- data
on system perfc)rmance durj ng
crui se, entry and descent, . DaLa
on t-he atmosphere wi 11 al so be
COI 1 ect-ed and some wi 1.1 be
returned prj or LO impact. . The
rest of the atmosphere c data wj 1.1
be ret,urned after pet-al
deployment. Figure ?, shows bhe
1 anded conf i gurat, i on of
Pathfinder.

‘1’he trip Lime Lo Mars is ahou~
one year and Pat,hf inder wj 1 ) be
desjgned for one month of
operat,i on on the surface. ‘l’he
ae:roshel 1 diame Ler js 1 .65 m and
t-ha hejgh~ of the crui se stage is
3.5 m. Each petal of the 1 ander
is 1.13 nL?. ‘1’he mass of the
spacecraft  at, cruise is 400 kg
and t-he 1 ande:r ma~,s is about. 200
kg.

PATHFINDER POWER SYSTFH4 OPTIONS
Pre] i mi nary power requi rement-

cs~ima~es are made prj or to
detai 1 design and therefore
typi cal 1 y have a 1 arge margi n
(30% in t,his case) . Pat-hf inder
and Lhe earl y Net,work 1 anders
must. communi cate cii rect.1 y to
Earth since there wj 11 be no
orbj t.er in place. This
communj cati on requj rement- al ong

wi t,h other 1 ander needs such as
inst. rurnentat-i on, comput-ation,  and
heating resul t-s in an es Lin]at, e of
1464 watt-hours  of energy. l’he
exac:t power requi rement-s for many
syst, em components are st-i 11 bei ng
defined.

The power source opt-j ons for
Ml+XUR i nc] uded a radi oi sotope
t,hermoel ectrj c generator (RTG) , a
solar array, and primary
bat. teri es for very short. mi ssi on
1 j fe or mi crorovers. l’here are
several factors tha L must be
considered in deciding the final
power system for each part of Lhe
M13SUR mj ssj on. An RTG is very
expensive and has a 1 ong delay
period due to mu] t.ipl e approval
requi rements. ‘1’hese fact, ors rul e
out. an RTG for Pathfinder.
Bat.teri es are heavy and do not.
operate we] 1. when they are co] d.
Choice of a primary batt-ery
Pat.hf i rider power supply WOUI d
rest-rict t,he mj. ssj. on 1 ife t-o on] y
a few days whi ch is too short a
Lime. l’hus Pathfinder has solar
arrays and high energy densi ty
secondary baLt.cries for i ts
base] ine power syst-em.

‘l’he Network 1 anders may be
located at, extreme IaLj t_udes or
the pol es. The mi ssi on scenari o
cal 1 s for Lhe f i rst. Network
1 anders LO operate for seven
years to complete the nominal
mi ssion objectives. I)uri ng the
seven years, Lhe power system
wi 11 go Lhrough day/ni ght 1 i ghL
and temperature cycl es, as wel 1
as Lhe seasonal vari at-i ons j n
15 ght and temperature. Seasonal
dust storms of varying intensity
and duration can be expected and
the power system nws L be abl e Lo
survive and operate duri nc] these
~, ~orms . ‘1’hese conss derat, ~ons may
mean the earl y Network power
system WOUI d be R7’Gs .

‘1’he PaLhf j rider base] j ne power
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system consist, s of a cruise solar
ar~ay, a lander so3ar array, and
a shared peak power t,racker
(PP7’), secondary bat,tery, power
distribution unit (PDU), and pyro
switchjng assembly (PSA) . Fi gure
3 is a block diagram of the power
sy~~em. The solar array out-put
is connected t-o the PP1’ which is
a buck switching type regulator.
The PP1’ sets the solar array
opcraLinq voltage at Lhe maximum
p&mr po~nt during
varies the currenL
bat.t,ery’s state c)f
PPT out-put is Lied
t-he battery.

peak loads and
based on the
charge. ~ ‘he
direc~ly Lc)

Two AgZn bat.~eries are plannecl
ant] will each have 18 fift-y
ampere-hour cells. ~’he I?DU
consists of ]at.thing relays and
distributes Lhe power t-o various
loads on t-he spacecraft.. l’he PSA
provides the energy storage,
switches, and f“iring circui Ls for
a]l c)f the pyre) event,s during the
mi ssi on.

The base] ine Pathfinder” mi ssion
i s t.o land in the mid- la~j tudes
ah an arecjcentri c 1 ongi tude of
212 degrees. Since Lhe
conven Li on p] aces t,he areocen Lri c
) ongi Lude O at nort,hern 1 at, i t-ude
vernal equi nox, the landing Lime
j s ha] fway through t-he sout-hern
sp:ri ng. As will be djscussed
1 at-er t-his 1 anding time presen Ls
some de~. i gn r:i sk however i s al so
present t,he best, compromi se of
cost, and 13arkh comrnuni cat, i on.
Because of great,er design
uncertainty, !the most studi ed
parL of t,he Pi~t-hf i ndcr power
syst, em to date i s t,he 1 ander
sol ar array.

LANDER SOLAR .ARRAY
Mars at-mosp’heri  c models have

recent] y been publ. i shed by IIandis
and Appl ebaum [ 3 ] , and lIaberl e,
eL. al. [3] and earl i er by Kapl in

[4] . ~’hese model s, especial 1 y
~he 1 a~er ones, are based upon
anal yses by Po] lock [2] of Viking
1 antler data. The model s shc)w
that, even duri ng severe dust-
storms wi t,h hi gh opt, i cal dept,h,
Lhere is qui Le a bi L of di f fuse
1 i ght present at the p] anetary
surface. ‘l’his avail abil ity of
sol ar energy on the surface
Lhrows a new 1 i ght upon Lhe
possibl e use of solar arrays for
powering Mars survey 1 anders and
rovers.

l’he amount, of 1 i ghL avai 1 abl e
at any one p] ace on Lhe Mars
surface varies from t,he f o) 1 owing
causes: changes i n the Mars-Sun
di stance from orbi La]
eccentri ci ty, obl iqui ty (axial
Li lL) of Mars to the orbi t-al
p] ane, sol ar zenith angl e, and
opt-i cal depth. The changes i n
avai lab] e 1 ight- from orbi La]
eccent, ri ci Ly, obl i qui Ly, and
zenith angle are easily
calculated [1,31 . However, t-he
opti cal depth is noL so easi l.y
model ed due Lo vari abl e amounts
of atmosphere c water and dust.
Mars has 1 ight cl ouds and, near
the north polar regi on,
occasi onal fog. Since there is
1 ittle wat-er, the opti cal depth
for fog and cl cmds on] y ranges
from 0.01 Lo 0.2 and thus is not
a seri ous problem. I)ust ,
however, is a major concern.

‘J’here are 1 ong peri ods when Lhe
atmosphere is relative] y c1 ear of
dust- - an opt-ical dept-h of O .5 or
less. When there is dust in Lhe
atmosphere, i L changes wi t-h
1 ocal , regi onal () ong axi s of
affected area >2000 km) , and
c)ccasi ona] planet- enci rcl i ng (one
hemj sphere) or g] obal dust storms
[3] . l,oca] dus~ storms, whi ch

1 ast on] y a few days and have an
c)pt. i cal dept,h ranging from t.hi n
haze (7<3 ) Lhrough Lhi ck haze
(7>1 ) , occur each year. 1 ,c)cal

—
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st, c)rms occur al 1 over t,he p]. anet.
but wi Lh higher probabi 1 i t-y near
polar caps when the caps are
evaporat. j ng. G] obal dust- s terms
(est-imaLed to reach an optical
depth of 4 or more i n southern
1 ati Ludes wi th~ J ower op~i cal
dcpt-hs e] sewhere) genera] 1 y st.arL
i n the southern t,ropi c:al
I atit.udes (O t.o -30) dur~ng
sout,hern summer whi ch occurs near
perihe] ion.

f;i ~lce ~he occurrence of dust
storms at. any one 1 ocat., i on is
based upon prc)babi 1 i t-i es, i t- was
decided to fully model the
effects of opti cal depth on solar
array operat, j cm. This model had
LO include the effects discussed
above as we] 1 as intensity,
t,empera~ure  ancl spectral changes
due t,o atmospheric dust.

COMPUTER MODEL
The computer model for

avai lab] e Mars surface sol ar
i rradiance wi I 1 be presented in
more detai 1 i n ano~her paper
[16] . The model has primarj 1 y
been Laken f rorn equa~i ons
presented by Appl ebaum and I,andi s
[I] and IIaberle, et-. al . [31 . In
part. i CUI ar, there are two opti cal
depth models presented in Ref . 1
whi ch use di f :ferent. assumed
startj ng points f c]r t,he Lwo 19“1”1
g] obal dust. storms. The fi rst
opt. i cal depth model assumes Lha L
the two dust storms seen by the
Viking landers start-cd at
1 ati Lude -30 degrees and
areocentri c 1 ongi Ludes 215 and
295 degrees respectively. The
second op~i cal depth model
assumes that Lhe f i rst- dust, sLorn~
started aL latit, ude -30,
1 ongi t.ude 215 and Lhe second
~t,ar~ed at ~a~i~ude -] (),
1 cmgi Lude 295.

Hi t.her of t-he above mcjde] s can
be se] ected in the program al ong

wi th the capabi 1 i t.y LO manual 3 y
enter val ues for c)pt-i cal dept-h
and surface al bedo. When Lhe
opt. i cal dept-h is manual 1 y en Lered
the value for al bedo is usual 1 y
determined from a relat-i onship
[1]:

al=-max{alt,, min (O , 1 8-T, O . 4) )

where al is al bedo, 7 is opti cal
depth, and al, is minimum al bedo
of 0 . 1 .

Using jnput. values for
areocentri  c 1 ongi tude and 1 ander
lat-it,ude, the program f i rst
calculates or uses given optical
depth and al bedo val ues. Next,
the program cal. cul aLes Lhe hour] y
zeni t,h angl e of the sun using 24
mart, i an hours (a n~ar Li an day, or
SC)] , is 24 .65 earth hours) . l’i 1 t.
and ori enta Li on of the array or
angl e and atti tude of a facet of
an array are then Laken i nto
account- during t-he cal CUI a~i on of
the angle of the sun to the array
normal . ‘l’he areocent-ri c
1 ongj Lude is used to cal culaLe
the amount of 1 i ghL avai 1 abl e
above Lhe atmosphere and Beer’ s
1 aw [2 ] i.s used LO determine Lhe
di rect- beam 1 jght- reaching the
surface :

Gl,= GO1,exp [- tn~ ( z) 1

where G~ is di rect- beam
i rradiance on t,he surface of
Mars, G& is Lhe i rradiance at the
t,op of Lhe Mars atmosphere, and 7
is op~ical dept,h. ~’he air mass
function, m(z) , is approxi mat,ed
by 3 /cos z where z is t-he zeni Lh
ang] e.

The LoLa] g] obal insolati on
reachi ng Lhe surf ace i s taken
from anal yses by Poll ock, et. .
[2] and is cal culat,ed from a

al .
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po] ynomi al funct-i on of Lhe
opt. i cal depth, al bedo and zcni Lh
ang] e
[1].

‘l’he di f fuse 1 ight is t-aken as
Lhe di f ference between the global
ancl Lhe d~ rec~ beam values>. 1 n
cases of high op~i cal dcpt-h, the
di rec~ beam value may be on] y a
few percenL of t,he to~al g] oba.1
value.

ARRAY CONSIDERATE OI?S
Cal culatj on of avai lab] e solar

array power starts wj th the
designer se] ecting the laLi tude
anti areocentric 1 ongi t-ude, Lhen
array type, flat or faceted, then
whether or not, t-here js shadowj ng
ancl final I y the type of cel 1 ,
silicon or gall ium arsenide. Tc)
cal. cul ate the array power output.,
a temperat-ure cal CUI at-i on i-s made
using the t,otal g] obal jnsolat. icnl
val. uc for heat i npu L and an
estima Led value for convect-ion
cool ing. The actual cal CUI ated
ternperat,ures  f al. ] wi thj n a range
of a few degrees above zero LC) as
1 ow as -113 deg C. These values
are comparabl e to martj an surface
~empera~ure va.1 ues since the
mar~j an surface absorptance and
emissivi t-y rat. j o is about- 1 - the
same rati o as a sj.1 j con solar
array. Cal culation of array
power uses separate al gori t,hms
f o:r the direct beam, dj f fuse and
al bedo power c:ont, ributj ons.

Corrections are made LO t,he
cal culated power value LO al 1 ow
for the ncn~ -1 j.neari Ly of Voc ancl
I sc due LC) 1 ow LemperaLures and
jnt. ensitj es. A fi ft,h order
pol ynomj al func~j on [9] i s used
L.o make t-he t-emperature
cc):rrect.  j on~.

A correc:t-i  on i s al so made whi ch
accounts for the spectral shj f t
dtls to dj ff’erent- 1 eve] s of

at.rnospherj c dust. ~’hi s
correcLi on uses t-he
de] La- Itddi ngton approxi matj on
[]4, 15] and makes use of 1 ight-
Lransrni Ltancc versus wave 1 engt,h
equatj ons and data from Ref. 3
and sol ar AMO spect-rum val ues
from Ref. 8.

~’he product c)f the 1 i ght
Lransrni tt.ante funct. j on and the
AMO spectrum gjves a spectrum
which is jncreasjng]y red-shi fLed
wi t,h increasing atmosphere c dust-
and zenj Lh angl e. Wave 1 engt-hs
around 800 nm are favored i n the
t-ransmj t-t.ante functjon. ‘l’he
red- shi f ted spectrum is t,hen
multiplied by the rat, jo of Lhe
total f 1 ux j n the unmodj f j ed
spec Lrum divided by t,he Lo La]
flux jn the modi fjed spectrum.
l’hjs reseal jng cancels out any
probl ems wi t,h i ntensi ty changes.

11’he reseal ed, red-shj fted AMO
spectrum js then mu] tip] i ed by
Lhe spectral response curve of
the se] ec~ed SC)] ar cel 1 material
to obtai n t-he expected current
output . A correction factor can
then be obtaj ned by comparj ng t,he
j ntegrat-ed Lotal current from Lhe
reseal ed, red- shi f ted spectrum
wi Lh Lhe current. from the
standard spectrum.

Resul t.s from the above computer
model are present-ed j n Pi gure 4
using as input-s t,he spacecraft-
basel ine landjng sit-e a~ -15
IaLj Lude and 1 andjng Lime of 195
areocen~ri c 1 ongj t,ude. Dat,a is
presented for op~i cal dept-hs of
0.5 and 4.0 with al bedos of 0.1
and O.4 respectively. l’he cel 1
Lype was 10 Q- cm sjl j con back
surface fjeld/reflec  Lor. Note
Lhe j ncrease j n correc~j on due LO
di ffuse 1 ighting and consequent
red-shj ft, ing of the spectrum.

D13TA1LEI) ARRAY DESIGN
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‘l’he Voc and 1 sc temperature and
i nt. ensi t,y correct, i c>ns al 1 ow a
cal cul at-ion of array serj es
st, ri ng operat, i ng condj Lj ons
durj ng a t,ypi cal mart, j an day. 1 n
general , the strjng voltage can
be expected t-o rise to about 25%
abcwc the value at standard
condi t-j ons (AMO at- 1 AU and 28
d~g(!) j n the early morning and
I ate afternoon. l’he s~rj ng
VOI t,age WOUI d be about, 4 % above
the standard condi ti on val ue at
nocm. I,ower t,emperaLures  change
resistances and fi 1.1 factor of
t-he IV curve resul ting jn
s] jgh~l y revised efficiencies.
~’hus the array will produce less
currenL at. hjgher voltages in the
mornj ng and af ternc~on and more
current at lower vc>ltages in the
mj d.dl e of the day. On days when
Lhcre is a 1 ot of clust the amount
of power produced will be more
than originally expected due to a
considerable amount of djf fuse
light which has a red-shjft,ed
spectrum.

‘l’he fc)ldout array for a lander
with a nominal 28 V bus should
have serjes strjngs wjt,h about 60
cells Lo give an operatjng peak
power pojnt of 30 V for standard
condi t.j ons. ~’his will resul L jn
a 31.8 V array jn the mjddle of
the martjan da:y (near the
equator) and a 37.5 V array jn
early mornjng and late afternoon.
‘l’his large cha:nge jn array
opcraLing conditions originally
argued for a peak power Lracker
inst. cad of a s;hunt regulator.
Peak power trackers also can
extract the ma:xirnum amount, of
power from an array whjch is
partially shadowed as at- leas L
one of the lander solar array
petals will be. Shun L regulators
have not, been ruled out since
there is ljttle avajl able power
at the extreme temperature and
VOI tage conditions. IL js
possjble t.ha L low jnt,ensj Ly, low

t,emperat,ure (IJ311T) effects wjll
be seen on Mars however there js
ljtt,le power loss expected sjnce
there js lit, tle power t.o be IOSL
at these conditions.

CONCLUSIONS & FUTURE WORK
Preljmj nary analyses have shown

Lhat a solar array power syst,em
on the MHSUR Pat. hfjnder lander js
feasible.

Use of hj.gh energy density, low
cycle life (100+ cycles)
seccmdary batteries is cost
effect-ive and provides insurance
agaj. nst uncer~aint, ies such as
large dust storms.

Nc) final decisions have been
made at presenL on the effect- of
dust deposition or erosjon upon
t.hc array surface. l’here are
jndjc ations jn Refs. 3 and 30
that. dus L is not, easily removed
by wind once it has been
depc)sjted  and Ref . 7 shows
perf-ormance degradaLjon. l’:rosj on
effecLs should be small sjnce Lhe
lander arrays are horizontal [6] .

Chemical effects should also be
small sjnce normal array
materja]s are resistant, [5] .
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